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ABSTRACT
Purpose: To develop a mathematical model for predicting the workplace environmental 
physical factors values.
Design/methodology/approach: Experimental measurements of the harmful and 
dangerous physical factors values of workplace environmental were carried out using 
special certified equipments. For each physical factor, 200 measurements were carried out. 
The workplace choice is justified by the employees’ survey and specialists’ expert evaluation 
results. Prediction methods that can be used to predict the workplace environmental 
physical factors values have been analyzed analytically. Working conditions assessment 
was carried out in accordance with the classification of working conditions for workplace 
harmfulness and danger, which function in Ukraine.
Findings: For a preliminary assessment of the impact of environmental physical factors on 
workers, it is proposed to use the strict ranking method. It has been established that the 
proposed mathematical models for predicting the workplace environmental physical factors 
values (noise, dust, vibration, relative humidity) have an accuracy of more than 90% and can 
be used for planning measures to working conditions improve.
Research limitations/implications: The results of a study of modelling and forecasting 
the workplace environmental physical factors values at the enterprise for the manufacture 
of glass and glass products at workplaces of transportation, preparation and mixing of 
materials are shown. Mathematical models for four physical factors are presented: noise, 
dustiness of air, vibration, relative humidity.
Practical implications: Mathematical models make it possible to predict the environmental 
physical factors values (noise, vibration, dust, humidity) taking into account the specifics of 
the production process, assess the hazard class and harmfulness of working conditions at 
workplaces and justify the measures at labour protection.
Originality/value: For the first time proposed by the mathematical models for predict the 
environmental physical factors values (noise, vibration, dust, humidity) taking into account 
the specifics of the production process.
Keywords: Safety and health management, Environmental physical factors, Prediction 
methods, Strict ranking method
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MATERIALS MANUFACTURING AND PROCESSING
1. Introduction 
 
The manufacturing processes, as a rule, is accompanied 
by the presence of harmful and dangerous physical factors 
(noise [1,2], thermal radiation [3,4], workplace air 
dustiness [5-8], vibration [9,10], injury danger [11-13], 
increased or decreased relative humidity [14,15] etc.) that 
adversely affect human health. 
Depending on the quantitative characteristics (level, 
concentration, etc.) and the duration of exposure, the 
physical factor can become harmful, and the harmful 
production factor can become dangerous. 
As practice shows, the introduction of the latest 
methods of labour protection management is slow. 
Therefore, there is a need to develop new and improve 
existing tools to improve the safety level in the workplace. 
Many scientists intensively develop methods for assessing 
production risks as an influence result to workers of many 
workplace environmental physical factors [16,17]. 
An analysis of scientific papers indicates the presence 
of algorithms, techniques and methods designed to identify 
causal relationships between various factors and the level 
of production risk [18,19]. At the same time, it should be 
noted that when assessing risk, the characteristics of 
enterprises of various industries are not sufficiently taken 
into account, which does not always allow an adequate 
assessment of the level of production risk. Moreover, the 
assessment results are not fully used for development of 
preventive measures to reduce the occupational injuries and 
occupational morbidity level. 
Thus, when assessing working conditions, it is 
important to take into account the production specifics by 
adequately assessing the influence of workplace 
environmental physical factors on the health of workers. 
In study [20], the authors proposed Improvement of the 
workplace environmental physical factors values 
monitoring by determining the optimal interval for their 
control. Based on the identified of change patterns in the 
workplace environmental physical factors values that were 
identified in study [20], in this study the purpose was to 
develop a mathematical model to predict the levels of these 
physical factors. 
2. Materials and methods 
 
To achieve the purpose were applied: analysis and 
synthesis of known scientific results on the topic of 
research, statistical analysis, mathematical modelling. 
Experimental measurements of the harmful and 
dangerous physical factors values of workplace 
environmental were carried out using special certified 
equipments at workplaces in the workshop for the 
transportation, preparation and mixing of materials for 
glass and glass products. The noise, working environment 
air dustiness, vibration and relative humidity were 
measured in accordance with the methodology presented in 
the previous study [20].  
For each physical factor, 200 measurements were 
carried out. The workplace choice is justified by the 
employees’ survey and specialists’ expert evaluation 
results. Prediction methods that can be used to predict the 
workplace environmental physical factors values have been 
analyzed analytically. According to these results, the 
workshop for transportation, preparation and mixing of 
materials is defined as the workshop with the most harmful 
working conditions at the enterprise. 
Prediction methods that can be used to predict the 
workplace environmental physical factors values have been 
analyzed analytically. 
Working conditions assessment was carried out in 
accordance with the classification of working conditions 
for workplace harmfulness and danger, which function  
in Ukraine [21]. Table 1 presents the working conditions 
classes by some workplace environmental physical 
factors. 
 
 
3. Results and discussion 
 
3.1. Prediction methods analysis 
 
Analytical analysis of prediction methods [22-24] based 
on a comparison of five indicators of each method is shown 
in Table 2.  
  I i   ri l  and ethods
  sults and discussion
. .  Prediction methods analysis
23
Modelling and forecasting the workplace environmental physical factors values
Volume 100    Issues 1-2   November-December 2019
Table 1. 
Working conditions classes by some environmental physical factors in workplace [21] 
No. 
Name of workplace 
environmental physical factors, 
(units) 
Maximum permissible 
concentration (MPC), 
acceptable level 
Working conditions class 
3(1) 3(2) 3(3) 3(4) 4 
1 Noise, dBA <80 
The sound levels, up to (inclusive) 
85 95 105 115 >115 
2 Local vibration, dB 112 
The exceeding the maximum permissible level 
(MPL), to the specified value (inclusive) 
3/1.4 6/2 9/2.8 12/4 >12/4 
3 Dust, mg/m
3
 MPC for each substance 
The multiplicity of excess MPC, times 
1.1-3.0 
3.1-
10.0 
10.1-
15.0 
>15.0 – 
4 
Relative 
humidity, %: 
Warm season 
65  
at 26°? 
The exceeding the MPL, % 
less 
than 25 
more 
than 25 
– – – 
Cold season 75 
less 
than 15 
more 
than 25 
   
 
 
Table 2. 
Comparison results of prediction methods 
Method name 
Takes into account 
seasonality / trend 
Transparency of 
modelling 
Ability to modelling 
nonlinear processes 
Adaptability Flexibility 
Linear regression model Yes / No Yes  No No Yes  
Multiple regression model Yes / No Yes  No No Yes  
Nonlinear regression 
model 
Yes / No Yes  No No Yes  
Model of group 
accounting of arguments 
Yes / Yes No Yes  Yes  Yes  
Autoregressive model of 
moving average 
Yes / No Yes  No No Yes  
Exponential smoothing 
method 
Yes / No Yes  Yes  Yes  No 
Holt model Yes / No Yes  Yes  Yes  No 
Holt-Winters model Yes / Yes Yes  Yes  Yes  No 
 
 
According to the results of the analysis, it was found 
that the advantages of certain prediction methods [25] are 
determined mainly by the temporal characteristics and 
accuracy of forecasts. In this case, the exponential 
smoothing method and the autoregressive model for one-
dimensional processes are reduced to each other. The 
accuracy of these methods does not differ significantly. 
However, in terms of ease of implementation and 
calculation time, the exponential smoothing method has  
a significant advantage. 
The essence of the exponential smoothing method is 
that the forecast values are constantly reviewed when new 
data arrives. As observations grow older, the exponential 
smoothing model gives them exponentially declining 
weights, so past observations have less impact on predicted 
values compared to the latest available data [25]. 
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To predict non-stationary processes, the use of the well-
known method of polynomial regression has been 
proposed. 
The exponential smoothing model of stationary 
processes is determined by the equation: 
 ? ? ? ? ,tSty t???  
 ? ? ? ? ? ? ? ?,1tS11txtS ?????????  (1) 
 
where ? – the smoothing factor, 0 < ? < 1; S(t) – smoothed 
out value (S(t) = x(0) – initial conditions). 
Based on equation (1), each new smoothed value S(t)  
is a weighted average between the previous value of  
the time series x(t) and the previous smoothed value ? ?1tS ?  [25]. 
When predicting conditionally stationary processes, it is 
proposed to express the predictive model in the form (2) 
 ? ? ? ?tyty)t(y 21 ?? , (2) 
 
where )t(y 2  – conditional stationary part; (t)y1  – trending 
part.  
The trend part has the form 
 
? ? .tty n
0i
i
i1 ??? ?  (3) 
To predict the trend part of forecast models for 
conditionally stationary processes, it is proposed to use the 
polynomial regression method. 
The forecast model quality (that is, the possibility of 
using it to solve problems in real production conditions) is 
determined by its accuracy and is a future process 
adequacy measure. To prediction accuracy assesses of the 
workplace environmental physical factors values, it is 
proposed to use the absolute ( ?e ) and relative ( ?e ) errors 
are calculated according to the formulas:  
 
? ? ? ?tytx(t)e iii ??? ,  (4) 
 
? ? ? ?
? ? %,100tx
tytx
e
n
1i i
ii ?? ??
??
 (5) 
 
where x(t) – the actual workplace environmental physical 
factors value at the i-th moment; y(t) – the calculated 
workplace environmental physical factors value at the i-th 
moment. 
That is, the relative forecasting error of the proposed 
model is estimated by the average deviation modulus of the 
actual and the calculated value of the simulated indicator 
(taken in percent). The forecasting accuracy of the 
proposed model ( ?z ) is estimated by the formula: 
 
??? e100z? .  (6) 
 
 
Fig. 1. Experimental data of the environmental physical factors values dynamics at workplaces of transportation, preparation 
and mixing of materials of the manufacture of glass and glass products 
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Using this approach to forecasting, a prediction model 
was created, which has the necessary accuracy, for such 
physical factors as noise, vibration, dust, and relative 
humidity. 
The experimental values of workplace environmental 
physical factors as noise, vibration, dust, and relative 
humidity that is shown in Figure 1 was analysed. 
 
3.2. Workplace noise level values modelling and 
forecasting. 
 
Since the variation coefficient for this factor is 7.35%, 
that is, it is within 15%, the process describing the noise 
level changes dynamics is conditionally stationary [20]. 
Testing of experimental data was carried out and shown in 
a previous study [20] (Tab. 3). According to the Table 3  
it was found that the best results of forecasting noise 
indicators in the working area of transportation, preparation  
 
and mixing of materials were obtained for the smoothing 
coefficient. Based on equation (1), each new smoothed value 
S (t) is a weighted average between the previous value of the 
time series and the previous smoothed value [25]. 
The sample for building the forecast was the first six 
points, and the control sample was 15 calculated forecast 
points. The calculation results are shown in Table 4. The 
relative forecast error is 6.17%. 
The noise level forecast model has the form: 
 ? ? ),10t(S7.09tx3.0)t(y ??????  
 
.)1)1i(9(x
6
1
)0(S
6
1i
? ????
?
 
 
The noise level dynamics at workplaces (factual and 
calculated data) are shown at Figure 2. 
 
Table 3. 
Experimental data processing results [20] 
No. 
Name of environmental 
physical factors on the 
workplace 
Number of 
measurements (n) 
Correlation 
coefficient (R) 
Period of 
stationarity (T), 
min 
Interval of control 
( ? ), min 
1 Noise 200 0.88 28 9 
2 Vibration 200 0.77 20 7 
3 Dust 200 0.76 9 3 
4 Relative humidity 200 0.81 66 22 
 
 
 
Fig. 2. The noise level dynamics at workplaces (factual and calculated data) 
. .  r pla  oi  l l val  lli  
and forecasting
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Table 4. 
The predicted values calculation results of the noise level 
Interval of 
control, min 
Factual data 
Predicted values calculation results 
? = 0.3 ? = 0.2 ? = 0.5 
x(t), dBA ?e  y(t), dBA ?e  y(t), dBA ?e  y(t), dBA 
1 88 - - - - - - 
10 87 87.77 -0.77 87.64 -0.64 88.00 -1.00 
19 88 87.54 0.46 87.51 0.49 87.90 0.10 
28 88 87.68 0.32 87.61 0.39 87.91 0.09 
37 88 87.77 0.23 87.69 0.31 87.92 0.08 
46 87 87.84 -0.84 87.75 -0.75 87.93 -0.93 
55 88 87.59 0.41 87.60 0.40 87.83 0.17 
64 94 87.71 6.29 87.68 6.32 87.85 6.15 
73 98 89.60 8.40 88.94 9.06 88.47 9.53 
82 79 92.12 -13.12 90.75 -11.75 89.42 -10.42 
91 78 88.18 -10.18 88.40 -10.40 88.38 -10.38 
108 80 85.13 -5.13 86.32 -6.32 87.34 -7.34 
117 81 83.59 -2.59 85.06 -4.06 86.61 -5.61 
126 76 82.81 -6.81 84.25 -8.25 86.05 -10.05 
135 76 80.77 -4.77 82.60 -6.60 85.04 -9.04 
144 76 79.34 -3.34 81.28 -5.28 84.14 -8.14 
153 78 78.34 -0.34 80.22 -2.22 83.32 -5.32 
162 95 78.24 16.76 79.78 15.22 82.79 12.21 
171 99 83.27 15.73 82.82 16.18 84.01 14.99 
180 94 87.99 6.01 86.06 7.94 85.51 8.49 
189 95 89.79 5.21 87.65 7.35 86.36 8.64 
Relative error, % 6.17  6.92  7.52 
 
 
 
Thus, it was established that a significant part of the 
working time due to the noise factor at workplaces is spent 
in harmful working conditions (see Tab. 1). Working 
conditions correspond to subclass 3(1) (80...85 dBA) and 
subclass 3(2) (85...95 dBA), and in certain time periods 
work occurs in harmful working conditions of subclass 3(3) 
(95...105 dBA). The analysis results indicate that to reduce 
the harmful noise effects, it is necessary to carry out 
measures to improve working conditions. 
3.3. Workplace dust concentration values 
modelling and forecasting. 
 
The dust concentration values dynamics was analyzed 
for experimental data that are shown in Figure 1.  
As the calculations show, the variation in the 
mathematical expectation for this factor is 133%, which is 
outside the range of 10%, that is, the process is non-
stationary and so a trend model was created. 
. .  Workplace dust concentration values 
modelling and forecasting
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It was found that the best results for predicting the dust 
concentration values (SiO2 at a concentration of more than 
60%) in the air of the working zone were obtained for a 
fourth-order model. The correlation coefficient for this 
model is R = 0.99 and the relative forecast error is 9.76%. 
The forecast model for dust concentration is: 
? ? 432 t0000012.0t000077.0t0065.0t367.02.2ty ?????
 
The predicted values calculation results of the dust 
concentration are shown in Table 5 and the graphical 
representation of the dynamics of the factual and calculated 
values of the dust concentration are shown in Figure 3. 
 
 
Table 5. 
The predicted values calculation results of the dust concentration 
Factual data 
Predicted values calculation 
results 
Factual data 
Predicted values calculation 
results 
t, min x(t), ??/?3 y(t), ??/?3 Absolute 
error 
t, min x(t), ??/?3 y(t), ??/?3 Absolute 
error 
1 3 2.56 0.44 31 6 6.14 -0.14 
4 3 3.56 -0.56 34 5.7 5.74 -0.04 
7 4.1 4.43 -0.33 37 5.4 5.24 0.16 
10 5 5.15 -0.15 40 4.7 4.64 0.06 
13 6.4 5.73 0.67 43 4 3.98 0.02 
16 6.5 6.17 0.33 46 3.7 3.27 0.43 
19 6.5 6.45 0.05 49 2.2 2.52 -0.32 
22 6.5 6.58 -0.08 52 1.9 1.78 0.12 
25 6.3 6.57 -0.27 55 0.7 1.06 -0.36 
28 6.2 6.42 -0.22 58 0.6 0.40 0.20 
 
 
 
 
Fig. 3. Dust concentrations dynamics in the workplace (factual and calculated data) 
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It was established that in accordance with [21] a 
significant part of the working time on the dust factor is 
spent in harmful working conditions (see Tab. 1). The main 
component in dustiness in the working areas of 
transportation, preparation and mixing of materials is SiO2 
(concentration of more than 60%). Its maximum 
permissible concentration (MPC) is 1 mg/m
3
. Therefore, 
working conditions correspond to subclass 3(1) (exceeding 
the MPC in 1.1...3.0 times) and subclass 3(2) (exceeding 
the MPC in 3.1...10.0 times), that is, measures are needed 
to improve working conditions. 
 
3.4. Workplace vibration level values modelling 
and forecasting. 
 
The vibration level values dynamics was analyzed for 
experimental data that are shown in Figure 1. 
Since the variation in mathematical expectation for this 
factor is 12.35%, which is within 15%, the process is 
conditionally stationary. The forecast calculation results for 
the selected values in accordance with equation (1) are 
shown in Table 6. 
 
Table 6. 
The predicted values calculation results of the vibration level 
Interval of 
control, min 
Factual data 
Predicted values calculation results 
? = 0.3 ? = 0.2 ? = 0.5 
x(t), dBA y(t), dBA 
Absolute 
error 
y(t), dBA 
Absolute 
error 
y(t), dBA 
Absolute 
error 
1 92       
8 90 97.72 -7.72 106.69 -16.69 112.34 -1.00 
15 92 95.40 -3.40 103.35 -11.35 110.11 0.10 
22 92 94.38 -2.38 101.08 -9.08 108.30 0.09 
29 115 93.67 21.33 99.27 15.73 106.67 0.08 
36 120 100.07 19.93 102.41 17.59 107.50 -0.93 
43 122 106.05 15.95 105.93 16.07 108.75 0.17 
50 120 110.83 9.17 109.14 10.86 110.07 6.15 
57 120 113.58 6.42 111.32 8.68 111.07 9.53 
64 125 115.51 9.49 113.05 11.95 111.96 -10.42 
71 126 118.36 7.64 115.44 10.56 113.26 -10.38 
78 126 120.65 5.35 117.55 8.45 114.54 -7.34 
85 126 122.25 3.75 119.24 6.76 115.68 -5.61 
92 127 123.38 3.62 120.59 6.41 116.72 -10.05 
99 126 124.46 1.54 121.88 4.12 117.74 -9.04 
106 127 124.93 2.07 122.70 4.30 118.57 -8.14 
113 127 125.55 1.45 123.56 3.44 119.41 -5.32 
120 122 125.98 -3.98 124.25 -2.25 120.17 12.21 
127 92 124.79 -32.79 123.80 -31.80 120.35 14.99 
134 90 114.95 -24.95 117.44 -27.44 117.52 8.49 
   8.97  11.05  12.34 
 
 
.  orkplac vibration level values modelling 
and forecasting
29
Modelling and forecasting the workplace environmental physical factors values
Volume 100    Issues 1-2   November-December 2019
 
 
Fig. 4. Vibration level dynamics in the workplace (factual and calculated data) 
 
It is established that the best results of predicting 
vibration indicators are obtained for the smoothing 
coefficient. The sample for forecasting was the first six 
points, and the control sample was 14 calculated forecast 
points. The relative forecast error is 8.97%. The forecast 
model of vibration level values has the form: 
 ? ? ? ? ? ?8tS7.07tx3.0ty ?????? , 
 
? ? ? ?? ?? ???
?
6
1i
11i7x
6
1
0S . 
 
The predicted values calculation results of the vibration 
level are shown in Table 6 and the graphical representation 
of the dynamics of the factual and calculated values of the 
vibration level are shown in Figure 4. 
Thus, it was found that, according to [21], a 
considerable part of working time is spent in hazardous 
working conditions, the excess of 112 dB in some cases 
more than 12 dB is recorded (see Fig. 4), which 
corresponds to the class of conditions labour – 4 
(dangerous working conditions) and requires measures to 
improve safety. 
 
3.5. Workplace relative humidity level values 
modelling and forecasting. 
 
The dynamics of relative humidity values was analyzed 
for experimental data that are shown in Figure 1. 
It is established that the humidity index model is 
conditionally stationary in nature, and it is possible to 
distinguish the trend component, and the remainder will 
satisfy the condition of limiting the variation of the 
mathematical expectation of the remainder within 15%. 
That is, the trend component of the process of physical 
factor values changing and the stationary component can be 
highlighted [20]: 
 ? ? ? ? ? ?,txtxtx 21 ??  (7) 
 
where ? ?tx  – the workplace environmental physical factors 
value which is investigated; ? ?tx1  – the value of the trend 
component of the process; ? ?tx2  – the value of the 
stationary component of the process. 
The polynomial regression method is proposed to 
predict the trend part of the forecast models of 
conditionally stationary processes. For conditional 
stationary processes, the control interval was determined by 
its stationary part [20].  
To highlight the trend component of the indicator, a 
fourth-order trend mathematical model is created in 
accordance with equation (3) 
 
32
1 t000067.0t0053.0t8.007.97)t(y ???????  
 
The correlation coefficient for the model is R = 0.90. 
To construct the stationary component of the indicator, 
we form the initial data 2x  as the difference of values 
)t(x  and ? ?ty1 . The data obtained demonstrate a 
conditionally stationary process.  
.  orkplace relative humidity level alues 
modelling and forecasting
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According to the calculation results shown in Table 7, it 
was found that the best results for predicting the relative 
humidity level were obtained for the smoothing coefficient. 
The forecast model of the stationary component of the 
relative humidity level changes at the workplace will have 
the form: 
 ? ? ),11t(S7.010tx3.0)t(y 22 ??????  
 
.)1)1i(10(x
6
1
)0(S
6
1i
2? ??? ?  
 
The mathematical model of the relative humidity values 
dynamics in the working area of transportation, preparation 
and mixing of materials has the form: 
)11(7.0
)000067.00053.08.007.97)10((3.0
000067.00053.08.007.97)(
32
32
???
???????
??????
tS
ttttx
tttty
 
 
? ?
)11t(S7.0
)t000067.0t0053.0t8.007.9710tx(3.0)1t(S 32
???
??????????
 
 
.)1)1i(10(x
6
1
)0(S
6
1i
2? ???? ?  
 
The graphical representations of the dynamics of the 
factual and calculated values of the relative humidity (RH) 
level are shown in Figure 5.  
 
 
Table 7. 
The predicted values calculation results of the relative humidity level 
Factual data Predicted values calculation results 
Interval of control, 
min 
x(t), % y(t), % Absolute error ? ?,ty1  % ? ?,ty2  % 
1 89     
11 89 86.16 2.98 88.90 -1.95 
21 85 80.61 2.37 82.55 -2.10 
31 85 75.09 18.44 77.18 -3.81 
41 78 68.94 3.50 72.75 -4.24 
51 73 64.98 0.91 69.22 -4.10 
61 67 62.44 5.99 66.55 -3.01 
71 60 61.69 10.85 64.69 -0.70 
81 57 62.92 9.03 63.62 1.50 
91 57 64.78 5.26 63.28 2.93 
101 63 66.57 2.27 63.64 2.24 
111 65 66.90 2.33 64.66 1.47 
121 65 67.76 0.14 66.30 1.42 
131 67 69.93 0.07 68.51 1.44 
141 73 72.71 2.26 71.26 0.49 
151 75 75.00 0.65 74.51 0.20 
161 85 78.42 4.33 78.22 -1.90 
171 90 80.45 3.37 82.34 -3.62 
181 86 83.22 2.47 86.84 -2.28 
191 84 89.40 5.22 91.68 -2.74 
   4.34   
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Fig. 5. Relative humidity level values dynamics in the workplace (factual and calculated data) 
 
An analysis of the relative humidity values dynamics 
indicates that a significant part of the workers' working 
hours is spent in harmful working conditions (an excess of 
the relative humidity of 75% is observed in the cold 
season). Therefore, measures are needed to improve 
working conditions. 
Thus, in this study, mathematical models for predicting 
values of four workplace environmental physical factors 
are obtained. Each model is based on a certain control 
interval of values for these factors and allows you to set 
with a given accuracy: 
? Adequately assess working conditions at workplaces 
and classify them by indicators of harmfulness and 
danger of factors of the working environment; 
? Provide informed planning of measures to improve 
working conditions; 
? Evaluate the results of the implementation of planned 
activities. 
 
 
4. Conclusions 
 
Based on the results of theoretical and experimental 
studies, the following conclusions are formulated: 
1. For a preliminary assessment of the impact of 
environmental physical factors on workers, it is 
proposed to use the strict ranking method. This made it 
possible to order the discovered physical factors 
according to the degree of danger and harmfulness. 
2. It has been established that the proposed mathematical 
models for predicting the workplace environmental 
physical factors values  (noise, dust, vibration, relative 
humidity) have an accuracy of more than 90% and can 
be used for planning measures to working conditions 
improve. 
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